Introduction: Endothelial dysfunction is the main pathomechanism of atherosclerotic processes and their complications. Revascularization and control of atherosclerosis risk factors may improve the global endothelial function.
Introduction
Peripheral arterial disease (PAD) is often considered as a marker of diffused, multi-level or polyvascular disease.
It affects approximately 30% of the population over 60 years of age and 60% of patients with coronary artery disease (CAD) [1, 2] . It is also considered as a risk factor of acute cardiovascular incidents. It doubles the risk of acute coronary syndrome and worsens the results of its treatment [1, 2] . It is known that percutaneous vascular intervention causes local injury of the vascular wall and endothelial dysfunction, which depend on the type of the stent used [3] , its size and radial force [4] . However, there are reports which demonstrate a positive relationship between revascularization of the peripheral arteries and reduced frequency of acute incidents in other vascular beds, such as other peripheral arteries, coronary arteries or intracranial arteries [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The positive effect of peripheral artery stenting on all-cause and cardiovascular mortality is explained by: (a) increase of the anklebrachial index (ABI), which is an important risk factor of death and cardiovascular events [1, 2] , (b) diagnosis of atherosclerosis followed by implementation of optimal pharmacotherapy [19] , (c) improvement of patients' functional status and increase of the walking distance [5, 8] , (d) initiation of previously impossible cardiac rehabilitation [20] , (e) improved quality of life [5, 8] and (f) improved global endothelial function [21] [22] [23] [24] [25] . Endothelial dysfunction is the endpoint for all risk factors of atherosclerosis and promotes the processes of atherogenesis through the influence on vasodilation mechanisms, stimulation of arterial thrombosis as well as migration and proliferation of vascular wall cells [26] . Endothelial function may be assessed by the measurement of concentration of substances released by these cells or by means of morphological or functional studies. The latter include the brachial artery flow-mediated dilatation (FMD) test and nitroglycerinmediated vasodilation (NMD) or acetylcholine-mediated tests. The first of the tests assesses the so-called endothelial-dependent vasodilatation and the second one the endothelial-independent vasodilatation. Other studies of similar clinical significance include pulse wave velocity measurement, peripheral arterial tonometry (PAT), assessment of the distensibility coefficient (DC), and measurement of the intima-media thickness (IMT) in the carotid artery [18, 27, 28] . It was demonstrated that reduction of FMD of the brachial artery is an indicator of global endothelial dysfunction and therefore applies to coronary, cerebral and peripheral arteries [6, 16, 23, [28] [29] [30] [31] [32] . The degree of FMD and PAT values reduction in response to ischemia was proportional to the number of risk factors present in the studied groups of patients and predicted the occurrence of cardiovascular incidents [6, 14, 15, 17, 33] including even venous thrombosis [34] . Smoking cessation [33, [35] [36] [37] , hypertension [32, 37, 38] , treatment of hyperlipidemia [39] [40] [41] [42] , diabetes control [43] , body mass reduction [44] , improvement of physical activity [31, 45, 46] as well as peripheral revascularization involving lower extremities [16, [21] [22] [23] 26] and renal arteries [24, 25] were shown to improve the markers of endothelial function not only in the culprit lesion, but also in other vascular beds. In this context it is logical to hypothesize that control of individual risk factors of atherosclerosis may modify the course of changes of global endothelial function after percutaneous revascularization of the lower extremities.
Aim
The present study aimed to verify this hypothesis by analysis of the relation between several risk factors of atherosclerosis and changes of the markers of endothelial dysfunction in the course of 1-year observation of patients after superficial femoral artery (SFA) stenting.
Material and methods
The study included 17 men treated with SFA stenting due to chronic lower limb ischemia with presence of intermittent claudication (class IIb according to Fontaine's classification). The following inclusion criteria were formed: (a) intermittent claudication after < 200 m not responding to treatment (pharmacotherapy, unsupervised walking training) impeding normal daily functioning of the patient assessed objectively by walking a short distance on a treadmill; (b) confirmation of the ischemic etiology of symptoms based on the ABI (< 0.9); (c) confirmation of atherosclerotic narrowing of the SFA by duplex scan and angiography as the main, significant cause of symptoms; (d) execution of SFA stenting; (e) patient consent to participate in the study. Patients who did not fulfill the inclusion criteria were excluded from the study.
Wyniki: Spośród badanych parametrów jedynie WKR poprawił się istotnie po stentowaniu TUP. Wykazano natomiast znamienne różnice przebiegu zmian wartości parametrów funkcji śródbłonka w zależności od obecności czynników ryzyka wystąpienia miaż-dżycy, takich jak wiek > 62 lat, hipercholesterolemia, cukrzyca i nadciśnienie tętnicze. U osób z tymi schorzeniami wartości parametrów śródbłonkowych były gorsze przed zabiegiem, w kolejnych badaniach poprawiały się, osiągając po 3-6 miesiącach od zabiegu wartości obserwowane u pacjentów bez tych obciążeń.
Wnioski: Stentowanie TUP wraz z odpowiednią farmakoterapią może nie tylko poprawiać ukrwienie kończyn dolnych, lecz także niwelować negatywny wpływ chorób współistniejących na globalną funkcję śródbłonka i upośledzenie rezerwy wazodylatacyjnej tętnicy ramiennej i szyjnej, szczególne u osób najbardziej zagrożonych.
Słowa kluczowe: śródbłonek, miażdżyca, stentowanie tętnicy udowej powierzchownej Jacek Budzyński et al. SFA stenting, atherosclerosis risk factors, and endothelial function in chronic lower limb ischemia Medical history was obtained from each patient by means of a questionnaire. All patients underwent physical examination; inclusion and exclusion criteria were checked. Patient consent was obtained for the endovascular procedure and participation in the study. Then, after obtaining contrlateral, retrograde vascular access and the introduction of a 5 F sheath, angiography was performed. The SFA was then cannulated with the "crossingover" technique and the use of a hydrophilic guidewire and catheter. This was followed by exchange of the vascular sheath for the 6 F one. The site of stenosis was crossed inside the arterial lumen and the site of occlusion was passed using the subintimal technique. Percutaneous stenting of the SFA was performed (self-expandable nitinol stent, 6-8 mm of outside diameter) and followed by stent post-dilation with a 1 mm smaller balloon ( Table 1 ). The procedure was finished with control angiography. Each patient underwent assessment of the following measures before the procedure (maximally one day earlier), on the first days after the procedure, and 1, 3, 6 and 12 after the procedure: clinical effect of the procedure, achievement of treatment targets in terms of risk factors reduction, ABI in the supine position, intermittent claudication distance (walking test on a treadmill 3.2 km/h with 12°i nclination), FMD test performed on the right upper extremity in response to 5 min of ischemia and administration of nitroglycerin, calculation of the DC before and after ischemia and before and after sublingual administration of 0.4 mg of nitroglycerin (NTG) [27, 28, 47] . During these four phases of the test patients underwent assessment of Doppler flow parameters measured in the brachial artery, including peak systolic velocity (PSV), end-diastolic velocity (EDV) and their ratio, i.e. systolic to diastolic blood flow velocity (SDFV) in the brachial artery during reactive hyperemia [48] , which is supposed to be a marker of arterial stiffness and microvascular disease, and percent increase of SDFV in each phase [hyperemia in response to ischemia and sublingual administration of NTG was calculated according to the equation: 100% × (SDFV after ischemia or nitroglycerin administration -SDFV before ischemia or nitroglycerin administration)/SDFV before ischemia or nitroglycerin administration]. The difference between these phases was calculated as follows: 100%* (increase of SDFV after NTG administration -increase of SDFV after ischemia)/increase of SDVF after ischemia. Pulsation index (PI) and resistance index (RI) were calculated automatically (USG software). Intima-media thickness and DC were assessed in the common left carotid artery [47] . Ultrasonographic examination was performed by one physician using a TOSHIBA device with a linear sensor of 7.5 MHz.
The FMD examination was performed after 10 min of adaptation in the supine position in a quiet room with a constant temperature. The right brachial artery was visualized in the long axis 4-5 cm above the cubital fossa and the images were recorded in parallel to the ECG tracing [27, 28] . The diastolic diameter was defined as the internal diameter of the brachial artery at the beginning of the R wave and the systolic diameter as the internal diameter of the brachial artery at the beginning of the T wave of the ECG. Dilatation of the brachial artery was calculated as: 100%*(systolic diameter-diastolic diameter)/diastolic diameter).
Measurements of the internal vascular diameter and Doppler flow were performed before the cuff inflation, 60 s after 5 min of pressure application on the arm with the cuff inflated up to 200 mm Hg, after 10 min of rest and at the 3 rd min after administration of one dose of 0.4 mg of sublingual nitroglycerin in aerosol. Subsequently, for each of the four phases of analysis, a DC was calculated performed on the brachial artery according to the equation: DC = 2 × (internal systolic diameter -internal diastolic diameter/internal diastolic diameter)/(systolic arterial pressure -diastolic arterial pressure). Values of arterial pressure obtained in mm Hg were converted to kPa (× 0.13333) and presented as 10 -3 /kPa.
The IMT was calculated 10-30 mm below the bifurcation of the carotid artery in 3 points free from atherosclerotic plaques on the left and right side and the results were averaged [47] . Diastolic and systolic internal diameter of the common carotid artery (assessed based on the ECG) was measured 20 mm below the bifurcation. Subsequently its DC was calculated according to the equation: DC = 2 × (systolic diameter -diastolic diameter/diastolic diameter)/(systolic arterial pressure -diastolic arterial pressure). Values of arterial pressure obtained in mm Hg were converted to kPa (× 0.13333) and presented as 10 -3 /kPa.
The following biochemical tests were performed: peripheral blood count, activated partial thromboplastin time (aPTT), international normalized ratio (INR), creatinine, sodium, potassium, low-density lipoprotein (LDL) cholesterol, triglycerides and glucose concentration. Pharmacotherapy was modified to include at least 75 mg of aspirin, atorvastatin (at the dose required to reach the target level of LDL concentration < 100 mg/dl), and angiotensin-converting enzyme inhibitor (ramipril adjusted to arterial pressure). Therapy aimed at reduction of other risk factors was also modified when necessary (according to accepted targets of treatment) [1, 2] : walking training (at least 3 × per week for 60 min), body weight reduction and smoking cessation. All patients were advised to take 75 mg of clopidogrel for 28 days after SFA stenting. Patients did not require modification of therapy during subsequent visits.
Statistical analysis
The analysis was performed using a licensed 64-bit version of the Statistica 9.0 software for Windows. The analysis included the presence and intensity of the following 8 risk factors of atherosclerosis: age > 62 years (median in the studied group), hypertension, smoking, diabetes, hypercholesterolemia (LDL cholesterol concentration > 130 mg/dl), physical activity < 3 × per week for 30 min, body mass index > 28 kg/m 2 (median in the studied group), waist circum-ference > 94 cm [1, 2] . Their influence on changes of the analyzed parameters of flow was analyzed using one-and two-way ANOVA with 6 repeats. Post-hoc analysis tests to detect the least significant difference were used.
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Results
The studied group included 17 men who underwent superficial femoral artery (SFA) stenting. Demographic and clinical data of patients as well as angiographic data of the target SFA are presented in Table 1 . The most frequent analyzed risk factors of atherosclerosis found at the beginning of observation included hypertension, hypercholesterolemia (LDL cholesterol > 130 mg/dl) and increased waist circumference (> 94 cm) ( Table 1) . Each of these factors was present in 65% of patients. More than 3 risk factors of atherosclerosis were present in 7 patients (41%). Targets of treatment for hypertension, dyslipidemia and diabetes were reached during one-year observation. Only one patient quit smoking and attempts to normalize body mass failed. None of the studied patients experienced an acute cardiovascular event during 12 months of followup. However, at the same time 3 patients (18%) suffered from late in-stent thrombosis caused by its fracture (treated with thrombolysis and re-stenting). Thrombosis occurred after a mean of 264 ±128 days following stent implantation (after 117, 321 and 353 days).
Ankle-brachial index and walking test
SFA stenting significantly improved ABI of the target limb (0.65 ±0.05 vs. 0.92 ±0.03, p = 0.0002) and insignificantly increased the relative (72 ±10 m vs. 82 ±14 m, p = 0.57) and absolute (124 ±17 vs. 151 ±37 m, p = 0.45) distance to intermittent claudication, by an average of 14% and 22%. Individual risk factors of atherosclerosis did not significantly influence the changes of ABI during 12 months of follow-up (analyzed with univariate ANOVA with 6 re peats).
Brachial artery flow-mediated dilatation in response to ischemia and nitroglycerin administration
In the whole group there were no significant changes of markers of flow-mediated dilatation of the brachial artery in response to ischemia (FMD F = 1.55, p = 0.19) and nitroglycerin (NMD) during 12 months of observation after SFA stenting. Subgroup analysis of patients with hypercholesterolemia showed significantly lower mean FMD during the whole period of follow-up in comparison to patients with LDL cholesterol < 130 mg/dl (main effect; F = 6.6, p = 0.033; 0.7 ±95% CI -3.7-5.1% vs. 9.6 ±95% CI 2.9-16.3%) (Figure 1) . Moreover, patients with hypercholesterolemia, hypertension and coexistence of more than 3 risk factors had significantly lower FMD values before the procedure. These values tended to decrease in both groups in consecutive tests to reach values similar to those observed in
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Mean ± standard Minimumdeviation or n, % maximum patients without risk factors 6 months after the intervention (Figure 2 ). The influence of these risk factors on FMD changes did not reach statistical significance during the whole period of observation. Similar findings were noted for the association between waist circumference over 94 cm and NMD changes during 12 months of observation (F = 2.0, p = 0.11). In general it can be stated that patients with various risk factors of atherosclerosis were characterized by lower flow-mediated dilatation of the brachial artery before SFA stenting in response to the stimulating factor (ischemia or NTG administration) in comparison to patients without these risk factors (Figures 1, 2 ) and 6 patients (35%) demonstrated even brachial artery contraction in response to ischemia. Beginning from the first day after the endovascular procedure the FMD values were positive in all patients irrespectively of the presence of risk factors, although the FMD values themselves tended to decrease. However, at the third or sixth month after the revascularization procedure the curves representing changes of FMD values in patients with and without the respective risk factor crossed and almost overlapped in the following measurements ( Figure 2 ).
Distensibility coefficient of the brachial artery
There were no significant changes of the distensibility coefficient of the brachial artery during 12-month observation, either before the application of pressure by the cuff (F = 1.04, p = 0.41), after its release, i.e. in response to ischemia (F = 0.61, p = 0.51), or after administration of NTG (F = 0.77, p = 0.57). Statistically significant changes were also not observed for relative (%) increase (delta) of these marker values after ischemia (F = 0.60, p = 0.71) and after administration of NTG (F = 0.12, p = 0.99) as well as for differences in response to both of these stimuli (F = 0.12. p = 0.99) during 12-month observation. It was only noted that patients with body mass index (BMI) > 28 kg/m 2 had significantly lower mean DC values before the exposure to ischemia and NTG (F = 7.8, p = 0.023, 12.8 ±95% CI 9.5-16.1 vs. 18.0 ±95% CI = 15.3-20.7 × 10 -3 /kPa). Patients with LDL cholesterol concentration > 130 mg/dl had lower mean delta of the DC values for the brachial artery before and after ischemia (main effect) during 12-month observation (F = 9.81, p = 0.014, -3.9 ±95% CI -8.2-0.30 vs. 2.9 ±95% CI 0.2-5.7 × 10 -3 /kPa). Differences in DC values increase before the NTG administration and after exposure to ischemia were significantly lower in patients with diabetes before SFA stenting, but at 1 and 3 months after the procedure the values of this parameter in these patients were higher and subsequently equaled the values observed in patients without diabetes (Figure 3) .
Parameters of Doppler flow in the brachial artery
The values of Doppler parameters of blood flow in the right brachial artery during 12 months of observation after SFA stenting did not change significantly. However, subgroup analysis revealed a significant influence of individual risk factors on these parameters. Differences in PSV in consecutive measurements during 12-month followup both before and after the ischemia were influenced by: age > 62 years (F = 2.77, p = 0.031), the presence of diabetes (F = 2.12, p = 0.072), and white blood count above the median 8.64 G/l (F = 2.32, p = 0.068). During observation changes of EDV before the ischemia were significantly and quite interestingly associated with the presence of diabetes (F = 5.41, p = 0.0001, Figure 4 ), hypertension and BMI > 28 kg/m 2 . Patients with these risk factors had higher EDV than patients without these comorbidities, but only in studies performed 1 and 3 months after SFA stenting. The EDV value in smokers assessed 1 min after release of 5-minute long compression of the brachial artery before the procedure was lower than in non-smokers and increased significantly 6 months after the procedure to remain at this level until the end of observation (F = 6.12, p = 0.01). Additionally, the presence of diabetes ( Figure 5 ), increased BMI > 28 kg/m 2 and hypercholesterolemia (LDL > 130 mg/dl) significantly influenced changes of PSV/EDV ratio after the ischemia. The same factors significantly modified the course of delta values for PSV/EDV increase after NTG administration and ischemia. During 12 months of observation the changes of PI before the provocation with ischemia showed a significant association with the presence of hypertension, hypercholesterolemia (LDL > 130 mg/dl) and BMI > 28 kg/m 2 . Patients with these factors had higher PI. A similar course of changes was observed for the RI in patients with and without diabetes and hypercholesterolemia.
Intima-media thickness in the common carotid artery
During 12 months of observation there were no significant changes of IMT in the whole studied group of men after SFA stenting. However, IMT was modified by the presence of risk factors of atherosclerosis. During the whole period of observation the mean IMT was influenced (main effect) by age over 62 years, hypertension, diabetes and coexistence of more than 3 risk factors of atherosclerosis in one patient. Patients with these abnormalities had significantly higher mean IMT in comparison to the rest of the group. Moreover, these factors influenced the changes of IMT in consecutive measurements. Before and directly after SFA stenting patients with diabetes, BMI > 28 kg/m 2 and hypercholesterolemia had higher IMT than patients without these risk factors, but these values decreased with the course of time and equaled the ones observed in patients without these features after approximately 6 months of observation ( Figure 6 ). 
Distensibility coefficient of the left carotid artery
The time from SFA stenting as well as the presence of risk factors of atherosclerosis did not significantly influence the course of DC changes in the left carotid artery.
Discussion
In 17 patients with intermittent claudication caused by peripheral arterial disease observed for 12 months we have demonstrated a positive effect of atherosclerotic risk factors control (main effects) and effective combination of superficial femoral artery stenting (SF) and pharmacotherapy of coexisting comorbidities (interactions between time after the procedure and risk factor) on changes of values of the analyzed parameters of global endothelial function (FMD, PSV, EDV, PSV/EDV, IMT) and vascular distensibility (DC). The SFA stenting and pharmacotherapy usually did not significantly modify the course of changes of the analyzed vascular parameters in patients with adequately controlled individual risk factors of atherosclerosis (insignificant trend towards decrease of FMD values after the procedure was observed). In contrast, in patients who did not reach targets of treatment before the SFA stenting, intensification of pharmacotherapy combined with the endovascular procedure led to marked improvement of the endothelial function markers, which after 3-6 months of observation resulted in similar levels of these markers as in patients free of the given factor. These differences were most evident for IMT, FMD values and PSV/EDV ratio after the ischemia (Figures 1-6 ). The presented results indicate that similarly to other cardiologic syndromes (such as acute coronary syndromes or cardiogenic shock) most benefits from the medical interventions (in this case SFA stenting and intensification of pharmacotherapy) are observed in patients at the highest risk, such as patients with uncontrolled risk factors. Our results are partially consistent with limited data from the literature that confirm the beneficial effect of peripheral artery revascularization (involving mainly lower limbs and renal arteries) on all-cause and cardiovascular mortality [5, 6, 8, 10, 15, 19, 33] and improvement of global endothelial function [21, 22] . In a randomized prospective study Husmann et al. [21] demonstrated in 17 patients treated with a percutaneous procedure and pharmacotherapy due to peripheral arterial disease of the lower limbs that FMD values increased after 4 weeks of observation in contrast to patients treated only with pharmacotherapy (n = 16), in whom these values remained unchanged. On the other hand, Unal et al. [22] found in a group of 54 patients that revascularization with the use of a femoro-popliteal PTFE prosthesis led to a significant rise of FMD values and decrease of the following markers in blood: nitric oxide, high-sensitivity C-reactive protein, interleukin-6 and tumor necrosis factor α (TNF-α). The authors of these studies proposed several potential mechanisms to explain the beneficial effect of peripheral revascularization on the global endothelial function: (a) secondary to increased physical activity increase of the shear stress, which is the most potent stimulus for endothelial production of nitric oxide [21] , (b) reduction of oxidative stress caused by exertional ischemia before the procedure and by numerous episodes of post-ischemic reperfusion in the lower limb muscles [21] , 
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and (c) decreased activity of the inflammatory processes dependent on oxidative stress, cytokines and adhesion molecules released from the ischemic area [22, 49] . Other studies showed that oxidative stress causing oxidation of LDLs is a key factor for the processes of atherogenesis (oxidative hypothesis of atherosclerosis). Globally oxidized LDLs (ox-LDLs): (1) There are no reports in the literature regarding the importance of control of atherosclerotic risk factors in the improvement of endothelial function after a percutaneous vascular procedure due to chronic lower limb ischemia with long-term follow-up. However, an association between individual risk factors and the onset of atherosclerosis, its progression and occurrence of its acute clinical manifestations was repeatedly demonstrated [2] . It was also shown that achievement of target levels of reduction of these factors permitted the progression of atherosclerotic plaque to be slowed down or stopped and the frequency of cardiovascular incidents to be decreased [1, 2] . It was also shown that smoking, diabetes, obesity and hypertension are related to impaired endothelial function and decreased vascular distensibility [36, 38-41, 44, 45, 50, 51] .
In this context it may be somewhat surprising to note that except for the result of a single analysis (change in EDV values) we did not demonstrate a statistically significant influence of smoking on changes of endothelial function after SFA stenting. It may be explained by the fact that almost all patients after SFA stenting continued smoking and show that control of other risk factors had a greater influence on the improvement of endothelial function than the revascularization procedure itself. On the other hand, it is known that smoking increases the concentration of methemoglobin in blood, which has been shown to decrease the risk of in-stent restenosis and thrombosis through anti-inflammatory action, faster healing of injured vascular wall after stenting and inhibition of vascular smooth muscle cell proliferation [50] . It is also known that smokers are characterized by a more potent antiplatelet effect of clopidogrel, which depends on the induction of cytochrome P450 [52] .
In several analyses we have demonstrated the beneficial effect of SFA stenting and treatment of hypercholesterolemia (LDL > 130 mg/dl) on the improvement of global markers of endothelial function in the arteries of the upper extremities and neck ( Figure 2 ). Spring et al. [39] noted the improvement of endothelial dysfunction in patients with peripheral arterial disease treated with atorvastatin. However, these authors did not analyze patients after SFA stenting or the relation between markers of endothelial function and LDL concentration. Other very important risk factors of endothelial dysfunction and peripheral arterial disease include age, visceral obesity, hypertension, diabetes, and physical activity [1, 2, 36, 38-41, 44, 45, 48, 50, 51] . None of the studies which demonstrated the influence of reduction of these factors on the improvement of markers of endothelial function included patients after a vascular procedure.
These pilot results, innovative even for world literature, because of the one-year observation period in patients after an endovascular procedure, may have, if confirmed, a potentially great clinical significance. We confirmed that lower limb ischemia may influence global endothelial function and on the other hand that revascularization and control of the risk factors may improve endothelial function through many mechanisms which have been demonstrated in the literature [1, 2, 21, 22] . The greatest benefits in terms of improvement of endothelial function markers after SFA stenting were observed in patients with the presence of risk factors of atherosclerosis, and therefore in the most vulnerable subjects. In these patients an endovascular procedure with best medical treatment (BMT) reduced the negative influence of risk factors on endothelial function to the level observed in patients without these risk factors (for example diabetes) as soon as 3-6 months after the procedure.
This suggests a potential possibility to obtain improvement of prognosis after vascular procedures on peripheral arteries, for example in patients with multi-vessel coronary artery disease not qualifying for coronary revascularization or in patients after interventions on coronary arteries who require intensive rehabilitation [9, 22] . These pleiotropic effects of SFA stenting and intensification of pharmacotherapy may change the clinical significance of this procedure in some groups of patients. In this context the procedure not only improves the quality of life [7] , but also favorably changes the statistics of hard clinical endpoints [5] . Confirmation of this observation in subsequent studies could be a prerequisite to perform endovascular procedures at an earlier stage of development of peripheral arterial disease.
The study is limited mainly by the low power of the statistical analyses, caused mainly by the low number of patients in the studied group, although 17 patients were also included in one of the subgroups in the Husmann et al. study [21] . Despite this fact we were able to obtain statistical significance for some differences between the analyzed parameters, which may be a starting point for planning future studies including hard cardiological endpoints. The second limitation of the study is the lack of a control group and the fact that intensification of atherosclerotic risk factors control was performed in all patients who underwent SFA stenting, which did not permit us to analyze the influence of the percutaneous procedure itself on endothelial function. The analysis might also have been confounded by the potential difference in physical activity of patients after the procedure (walking training), which could have impacted the improvement of endothelial function. However, the walking distance on a treadmill did not increase significantly and did not differ between groups of patients with and without the given risk factor, and therefore it seems that potential differences in activity between subgroups may be omitted. Another important factor disturbing the analysis of subgroups was the uneven distribution of clinical and demographic data of patients. However, because the analysis included up to 10 risk factors it was difficult to obtain a balance of these characteristics between the subgroups.
Conclusions
Combined treatment of peripheral arterial disease of the lower limbs including peripheral femoral artery stenting together with detection and control of risk factors may not only improve the circulation of blood in the lower extremities and increase the distance to intermittent claudication, but may also reduce the negative impact of risk factors of atherosclerosis on global endothelial function and impairment of vasodilating reserve of the brachial and carotid arteries, especially in the highest-risk patients. However, further studies and longer follow-up are required to determine the influence of the endovascular procedure itself on global endothelial function and the occurrence of hard clinical end-points.
